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(54) CATADIOPTRIC SYSTEM AND EXPOSURE DEVICE HAVING THE SYSTEM 

(57)Abstract: 

PROBLEM TO BE SOLVED: To obtain rigid and stable constitution 
with a large numerical aperture, a large image plane, and sufficient 
laser bandwidth by forming <4 lenses of a 2nd material. 
SOLUTION: All lenses in a double-path area of the catadioptric 
optical system CS are combined with a single lens group which is 
contiguous to a concave mirror 41 1. This lens group includes 
positive lenses 403 and 404 and three negative lenses 405 and 410. 
When negative lenses like those are changed in number from two to 
three, the beam angle increases more smoothly and correction is 
optimized to simplify the structure of the lens barrel of the 
catadioptric optical system CS. The lenses 403 to 410 and mirror 
411 are refraction projection exposure lenses and can be fitted to a 
^small-sized unit. In this case, the positive lenses 403 and 404 are 

ade of fluorite (having a diameter of, e.g. 200 mm) and, therefore, 
assists achromatization. Here, it is important that excellent 
achromatization is performed by up to three to four lenses in total. 
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CLAIMS 



[Claim(s)] 

[Claim l] It is the projection exposure lens which is a projection exposure lens 
containing the lens which was equipped with body side catadioptric **, the medium 
image lens system, and the refraction lens system, and was formed with the 1st 
ingredient, and the lens formed with the 2nd ingredient, and is characterized by four or 
less things for which three or less lenses are preferably formed with said 2nd ingredient. 
[Claim 2] It has body side catadioptric **, a medium image lens system, and a refraction 
lens system. Catadioptric ** at least A deflection element, It is the projection exposure 
lens which has a concave mirror, and a deflection element and some lenses between 
concave mirrors. It is the projection exposure lens which all the lenses arranged 
between a concave mirror, and a deflection element and a concave mirror are arranged 
as a compact unit, and is preferably characterized by the distance from the lens of said 
arbitration to a deflection element being larger than the distance from this, lens to a 
concave mirror. 

[Claim 3] It has body side catadioptric **, a medium image lens system, and a refraction 
lens system. Catadioptric ** are a deflection element, a concave mirror, and the 
projection exposure lens with which it has some lenses at least. The projection exposure 
lens characterized by for catadioptric ** having at least one positive lens between a 
body and the 1st deflection element, and having one or less positive lens and three or 
less negative lenses between the 1st deflection element and a concave mirror. 
[Claim 4] The projection exposure lens with which it is a projection exposure lens 
equipped with body side catadioptric **, a medium image lens system, and a refraction 
lens system, and a refraction lens system is characterized by having the 1st lens group 
of forward refractive power, the 2nd lens group of negative refractive power, the 3rd lens 
group of forward refractive power, the 4th lens group of negative refractive power, and 
the 5th lens group of forward refractive power from a medium image side. 
[Claim 5] The projection exposure lens with which it is a projection exposure lens 
equipped with body side catadioptric **, a medium image lens system, and a refraction 
lens system, and at least one + refractive -power doublet which contains a negative 
refractive -power lens and a forward refractive -power lens in the sequence from a body 
side is characterized by being arranged in said refraction lens system. 
[Claim 6] The projection exposure lens which is a projection exposure lens equipped 
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with body side catadioptric **, a medium image lens system, and a refraction lens 
system, and is characterized by equipping said refraction lens system with a lens group, 
a medium correcting lens group, and a focusing lens group. 

[Claim 7] The projection exposure lens characterized by having the rate of image 
formation from which it is a projection exposure lens equipped with body side 
catadioptric **, a medium image lens system, and a refraction lens system, and it differs 
in 1 although said catadioptric ** is larger than 0.95. 

[Claim 8] The projection exposure lens which is a projection exposure lens equipped 
with body side catadioptric **, a medium image lens system, and a refraction lens 
system, and is characterized by the combination of the description of at least two of 
claim 1 thru/or 7 claims. 

[Claim 9] A projection exposure lens given in claim 1 thru/or at least 1 term of 8 
characterized by a refraction lens system turning to the direction of the objection [ the 
convex of a medium image side meniscus lens ] of the convex of the meniscus lens of the 
sense and another side of the medium image including the meniscus lens of a couple at 
least. 

[Claim 10] Claim 6 characterized by said thing [ that the meniscus lens of a couple is 
arranged in said correcting lens group at least ] thru/or a projection exposure lens given 
in 9. 

[Claim ll] A projection exposure lens given in claims 5 and 6 characterized by arranging 
the aforementioned ■+ refractive -power doublet in said focusing lens group. 
[Claim 12] A projection exposure lens given in claim 5 thru/or at least 1 term of 11 
characterized by arranging the aforementioned -+ refractive -power doublet next to 
system aperture. 

[Claim 13] A projection exposure lens given in claim 1 thru/or at least 1 term of 12 
characterized by forming one lens with the 1st lens ingredient by the max of said 
catadioptric **. 

[Claim 14] A projection exposure lens given in claim 1 thru/or at least 1 term of 13 
characterized by the diameter of the lens formed with said 2nd lens not exceeding 0.85 
times of the diameter of the greatest optical element. 

[Claim 15] A projection exposure lens given in claim 1 thru/or at least 1 term of 14 
characterized by the diameter of the lens formed with said 2nd lens ingredient not 
exceeding 220mm. 

[Claim 16] It is a projection exposure lens given in claim 1 thru/or at least 1 term of 15 
to which catadioptric ** is characterized by six or less things preferably included for five 
or less lenses. 
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[Claim 17] A projection exposure lens given in claim 1 thru/or at least 1 term of 16 to 
which vertical chromatic aberration is characterized by being less than 0.015 
micrometers per bandwidth 1pm by 193nm. 

[Claim 18] A projection exposure lens given in claim 1 thru/or at least 1 term of 16 to 
which vertical chromatic aberration is characterized by being less than 0.05 
micrometers per bandwidth 1pm by 157nm. 

[Claim 19] It is a projection exposure lens given in claim 1 thru/or at least 1 term of 18 
characterized by the rate of image formation of catadioptric ** being larger than 0.8, 
and being preferably larger than 0.95. 

[Claim 20] A projection exposure lens given in claim 1 thru/or at least 1 term of 19 to 
which all the lenses formed with said 2nd lens ingredient are characterized by being 
arranged next to the image plane in a focusing beam of light in a refraction lens system. 
[Claim 21] A projection exposure lens given in claim 1 thru/or at least 1 term of 20 
characterized by being a double-sided tele cent rucksack. 

[Claim 22] The projection exposure lens according to claim 5 characterized by having at 
least one beam waist in a refraction subsystem, and arranging the aforementioned -+ 
refractive power doublet behind the last beam waist. 

[Claim 23] The projection exposure lens according to claim 5 or 22 characterized by 
arranging the aforementioned -+ doublet so that the beam-of- light diameter inside the 
lens element of the aforementioned + doublet may exceed 80% of the maximum beam 
diameter. 

[Claim 24] A projection exposure lens given in claim 1 thru/or at least 1 term of 23 
characterized by inserting a reflecting prism in order to reflect a beam of light between 
a body and a concave mirror. 

[Claim 25] A projection exposure lens given in claim 1 thru/or at least 1 term of 24 
characterized by being designed so that it may be used with light (248nm or 193nm), 
and for said 1st lens ingredient being quartz glass, and said 2nd lens ingredient being a 
calcium fluoride. 

[Claim 26] A projection exposure lens given in claim 1 thru/or at least 1 term of 24 
characterized by the 1st lens ingredient being a calcium fluoride. 

[Claim 27] A projection exposure lens given in claim 1 thru/or at least 1 term of 26 
characterized by arranging only one lens between a body and the 1st deflection element. 
[Claim 28] The projection exposure lens according to claim 27 with which the ratio of 
the focal distance of said lens before said 1st deflection mirror to the distance from said 
lens to said concave mirror is characterized by being 15 (+/ )% of within the limits. 
[Claim 29] The projection aligner characterized by having an excimer laser, a lighting 
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system, a mask handling positioning system, a projection exposure lens given in claim 1 
thru/or at least 1 term of 28, and a wafer handling positioning system. 
[Claim 30] The approach characterized by producing a micro structure device with 
lithography using a projection aligner according to claim 29. 

[Claim 31] The approach according to claim 30 characterized by using a stepandrepeat 
exposure method, a scan exposure method, or a stitching exposure method. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to the KATADIOPUTORIKKU projection 
optical lens which equips a detail with body side catadioptric **, medium image lens 
system, and refraction lens system which are used with such a projection aligner about 
the projection exposure lens in projection aligners, such as a wafer scanner used in 
order to manufacture a semiconductor device or other micro structure devices with phot 
lithography, and a wafer stepper. 
[0002] 

[Description of the Prior Art] Although U.S. Pat. No. 4779966 of Friedman shows the 
example in early stages of such a lens, catadioptric ** is arranged in this case at an 
image side. It explains how this patent was developed based on the principle of the 
achromatic lens of Schupmann. The technical problem of this patent is avoiding the 2nd 
lens ingredient, therefore constituting all lenses from quartz glass. The light source is 
not specified but bandwidth is restricted to lnm. 

[0003] There is U.S. Pat. No. 5052763 (Europe patent No. 0475020) of Singh as another 
example. In this case, it needs to be independently amended mostly by each subsystem, 
therefore catadioptric ** is a system of 1 ; 1, and, as for unusual aberration, it is desirable 
not to arrange a lens between a body and the 1st deflection mirror. Shell is arranged in 
the deflection mirror between the 1st deflection mirror and concave mirror in a near 
location. All the above-mentioned examples show only the quartz-glass lens. NA is 
extended to 0.7 and the light source of 248nm excimer laser or others is proposed. 
Narrowing width of face of a laser beam as sufficient approach avoiding the color 
correction by using the lens ingredient with which some differ is proposed. 
[0004] There is Takahashi's U.S. Pat. No. 5691802 as another example. In this case, the 
1st optical element group which has forward refractive power is required between the 
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1st deflection mirror and concave mirror. This is a configuration for reducing the 
diameter of a mirror; therefore this positive lens is located near the 1st deflection mirror. 
All the above-mentioned examples are much CaF2. The lens is shown. 
[0005] as another example - Takahashi's Europe patent 0736789th there is No. A. In 
this case, in order to reduce the diameter of a concave mirror too, three lenses which 
have +■+ refractive power are arranged between the 1st deflection mirror and concave 
mirror. Therefore, the 1st positive lens is located quite near the 1st reflecting mirror. 
Too, it is much CaF2 because of achromatism. The lens is used. 

[0006] the German patent 19726058th of OMURA - the reduction percentage of 
catadioptric ** is 0.75</betal/<0.95, and No. A explains the system by which a certain 
relation about the geometric configuration of this system is also established. Too, it is 
much CaF2 because of achromatism. The lens is used. 

[0007] About the pure dioptric lens of a micro lithography projection exposure system, 
the lens design which expands the width of face of a beam of light twice is known well. 
For example, please refer to Glatzel, E., and Zeiss work "Information 26 (1981), No. 92, 
8 pages, or 13 pages." The latest example of a projection lens equipped with such a +-+-+ 
lens group is indicated by the Europe patent No. 0770895 of MATSUZAWA and 
SUENAGA. 

[0008] However, the refraction partial objective lens of the known general-purpose type 
KATADIOPUTORIKKU lens of this invention shows the much easy configuration. 
[0009] The content of these documents coalesces in this description by citation. This 
content gives the background and environment of a system by this description. 
[0010] 

[Problem(s) to be Solved by the Invention] The object of this invention is CaF2 in 
quantity and a quality side. It is acquiring the catadioptric optical system of big 
numerical aperture, the big image surface, sufficient laser bandwidth, and the new 
configuration principle that enables a stable configuration with rigidity which took the 
current limit to availability into consideration. This invention is effective in a DUV 
projection lens, and gives the foundation of the lens only for 1 ingredients for VUV 
(I57nm). 
[0011] 

[Means for Solving the Problem] In order to attain the above-mentioned technical 
problem, according to this invention, it is a projection exposure lens containing the lens 
which was equipped with body side catadioptric optical system, the medium image lens 
system, and the refraction lens system, and was formed with the 1st ingredient, and the 
lens formed with the 2nd ingredient, and is characterized by four or less things for 
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which three or less lenses are preferably formed with said 2nd ingredient. 

[0012] An advantageous version will be obtained if the description of subordination 

claim 8 thru/or one or more claims of 28 is included. 

[0013] The advantageous projection aligner of claim 29 is obtained by building claim 1 
thru/or the projection exposure lens by at least one of 28 into known equipment. 
[0014] The approach (claim 30) of producing a micro structure device with lithography 
by this invention is characterized by using the projection aligner by claim 29 to precede. 
Claim 31 gives the advantageous mode of this approach. 

[0015] This invention will be more nearly thoroughly understood from the drawing of 
the detailed explanation given to below and attachment. This explanation and drawing 
are given only as an example, and it should not be considered that they are what 
restricts this invention. Other applicability of this invention will become clear from the 
detailed explanation given to below. However, although this detailed explanation and 
detailed specific example show this contractor the desirable operation gestalt of this 
invention from detailed explanation since various modification and corrections of the 
meaning of this invention and within the limits become clear, please understand being 
given only as an example. 
[0016] 

[Embodiment of the Invention] The projection aligner roughly shown in drawing 1 
contains the excimer laser 1 which has the configuration 11 which narrows bandwidth 
moderately. A lighting system 2 generates a large visual field, is illuminated keenly and 
dramatically by homogeneity and has the selected lighting mode in accordance with the 
requirements for a tele cent rucksack of a projection lens. Such the mode is good with 
the lighting, annular lighting, or 4 pole lighting of a conventional type of adjustable 
coherence. 

[0017] The variation rate of the mask 3 is carried out in a lighting field by the mask 
maintenance handling system 31. In the case of a wafer scanner projection aligner, the 
mask maintenance handling system 31 contains a scan driving gear. According to this 
invention operation gestalt explained in detail below, the KATADIOPUTORIKKU 
projection exposure lens 4 is located behind a mask 3. 

[0018] This lens 4 generates the cutback scale image of a mask 3 on a wafer 5. A wafer 5 
is held and operated with a unit 51, and is scanned eventually 

[0019] All systems are controlled by the control unit 6. The approach which such a unit 
and it use is known in a micro lithography projection exposure technical field. 
[0020] By the high throughput, however, about exposure of the structure in a method 
with a resolution of about 0.2 micrometers or less It operates on the excimer laser 
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wavelength of 193nm which has available bandwidth (they are 15pm(s) at 193nm) 
rationally. It operates also on the excimer laser wavelength of 248nm or 157nm 
eventually, and operates with 0.65 thru/or high image side [ 0.8 or more ] numerical 
aperture. For example 7x20 thru/or various projection exposure lenses which can 
operate using the quite big rectangle or the circular scan image surface of 2 10x30mm 
are demanded. 

[0021] Catadioptric ** of the class quoted above is fundamentally suitable for this. 
[0022] However, according to this invention, it has become clear that some means and 
the descriptions improve these systems. 

[0023] The example shown in the sectional view of drawing 2 has lens data given to a 
table 1, and only quartz glass is being used for it. Since only one lens ingredient is used, 
this design can suit other wavelength, such as 248nm and 157 etc.nm, easily. 
[0024] It is possible to be able to access the medium image IMI freely, therefore to insert 
a field diaphragm easily. Aperture-diaphragm AP is located between the lens front face 
239 and the lens front face 240, and can also access aperture diaphragm AP easily. 
[0025] The geometric configuration is defined by the requirements which separate the 
beam of light with which the deflection mirrors DM1 and DM2 in catadioptric ** CS face 
to a concave mirror 209, and the beam of light by which it comes from a concave mirror 
209, and the requirements which prepare the path clearance from lenses 201 and 202. If 
**** 0 f a m i rror DM 1 differ, 45 degrees has them, so that a beam deflection include 
angle may become larger than 90 degrees. [ advantageous ] In this case, the large path 
clearance for beams of light to the big free working distance and the 1st lens element 
201 and 202 can be secured, and sufficient path clearance from the body flat surface 0 of 
the lens-barrel of catadioptric ** CS is obtained. 

[0026] The configuration of the deflection mirrors DM1 and DM2 of two sheets makes 
possible a straight-line like optical axis and the parallel situation of the zero flat surface 
0 and an image plane IM, namely, makes a mask and a wafer parallel, and enables it to 
scan them easily. However, one deflection mirrors DM1 and DM2 can be canceled, or it 
can exchange for the deflection mirror in the space of the between in [ 226 ] a dioptric 
lens RL (for example, the lens front face 225 and a lens front face) eventually. It is clear 
that a deflection mirror is also exchangeable for other deflection optical elements (for 
example, the prism of the operation gestalt 6 or other deflection optical elements). 
[0027] The moderate positive lenses 201 and 202 are arranged near the zero flat surface 
0 in an one-pass beam field. The focal distance of this lens is almost equal to distance 
from that concave mirror 209. For this reason, a concave mirror 209 is located in a pupil 
flat surface, therefore a required diameter is stopped to the minimum. 
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[0028] The 2nd positive lens is arranged between the deflection mirrors DMl and DM2 
and concave mirrors 209 in a duplex pass field. CaF2 strongly restricted with a lens, i.e., 
heterogeneity etc., Since priority is not given to miniaturizing a unit on the diameter of 
200mm thru/or the production conditions of a 300mm concave mirror unlike the 
constituted lens, in order to reduce the radius of a concave mirror 209, it is not 
necessary to use these positive lenses 203 and 204. This positive lens is located in the 
location where the distance to a concave mirror 209 becomes shorter than the distance 
to the 1st reflecting mirror DM 1, and is located in the optimal location for suppressing 
an image formation error further to the minimum. 

[0029] the negative meniscus lens 205 of two sheets, and 206; 207 and 208 collaborate 
with a concave mirror 209 in a known approach, enlarge whenever [ incident angle ], 
and strengthen strength, therefore the amendment effect of a concave mirror 109 for a 
bow. 

[0030] As an important thing, the number of the lenses in the double pass field of 
catadioptric ** CS is restricted to 3. This is because it is counted by the duplex about 
system -energy transfer and wave -front debasement in this case, without all lenses 
making the degree of freedom about amendment increase. 

[0031] & catadioptric ** CS - a part of total reduction percentage beta= 0.25 - give 
betaCS=1.008. 

[0032] Preferably, field* diaphragm FS is inserted in the medium image plane IMI, and 
the stray light decreases conveniently by it. 

[0033] The dioptric lens RL located behind the medium image IMI is a lens of a design 
more elaborate than the conventional technique. This dioptric lens has high quality like 
the projection exposure lens which has sufficient refractive power developed recently. 
[0034] It will be understood that 5 lens groups designs known for the advanced 
refraction micro lithography lens design equipped with the two waists and three Bury 
containing a +-+-+ lens in a sequence are used, the first two negative meniscus lenses 
220 of the couple, as for the two waists Wl and W2, a convex turns [ couple ] to an 
outside, respectively although not expressed very (the lens front face 210 219 and 224 
thru/or 227) so strongly, 221; 222, 223 and 228, and 229; - 230 and 231 are established 
notably. 

[0035] For example, in order to make the numerical aperture of an image domain 
increase, it is known by incorporating more lenses that these lens groups in the waists 
Wl and W2 can be further raised like other lens groups. 

[0036] The field lens group FLG (the lens front face 210 thru/or 219) of the forward 
refractive power changed into the chief ray which converges the chief ray which will 
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emit a dioptric lens RL if it thinks from other viewpoints, It consists of lens elements 
containing the ****** focusing lens group FOG (the lens front face 232 thru/or 251) 
which generates required big numerical aperture, and several sets of negative meniscus 
lenses (Wl, W2) which countered mutually and have been arranged especially arranged 
in the medium which amends an image formation error. 

[0037] ■+ refractive-power doublet which has a front face 235 238 and 239 thru/or 242 is 
important when obtaining large spectrum bandwidth, amending color fluctuation of 
spherical aberration, i.e., the main residual aberrations in such a design, good. + It has 
become clear that the alternative configuration of - refractive power doublet produces 
much poor color fluctuation of spherical aberration. In this case, the value of 0.35 
micrometers is acquired with 15pm laser bandwidth. 

[0038] This example of drawing 2 is 30x7mm2 which is separated from a shaft 6mm 
using an excimer laser with a bandwidth of 0.015nm. It is suitable on the rectangular 
image surface printing a micro structure in the resolution of less than 0.2 micrometers. 
[0039] Drawing 3 and a table 2 show a design deformation gestalt. Although the 
catadioptric optical system CS is almost the same as a front example, its reduction 
percentage is smaller than 1 in this case at betaCS=0.944. 

[0040] although the 2nd lens 212 and 213 of drawing 2 is canceled in this dioptric lens - 
the thick negative lenses 245 and 246 - three units 342, 343; 344, and 345; - it is 
divided into 346 and 347. 

[0041] In this case, the element which has two lenses 342 and 343, i.e., front faces, and 
348 and 349 is also CaF2. It is constituted. Compared with the diameter of about 
250mm of the greatest lenses 332 and 331, the diameter of about 205mm of these two 
lenses and about 165mm are 0.81 times and less than 0.67 times. Therefore, the 
diameter of these lenses is not too large and effective production is guaranteed. 
[0042] Moreover, both these lenses are arranged near the image plane after the 3rd 
Bury in the focusing beam of light in the 5th lens group. These lenses are assistance 
[ achromatism ]. Other descriptions are considerably similar to the description of the 
example of drawing 2 including the -+ doublet 332 thru/or 339. 

[0043] Drawing 4 and a table 3 show other examples of the catadioptric optical- system 
lens by this invention. 

[0044] In this case, the catadioptric optical system CS shows the major change, and all 
the lenses in a duplex pass field are combined with the single lens group of the next door 
of a concave mirror 411. This lens group contains positive lenses 403 and 404, three 
negative lenses 405, or 410. If such a negative lens is changed into three sheets from 
two sheets, whenever [ beam angle ] will become large more smoothly, therefore 



[JP,2000-047114,A] 
Page 10 of 19 



amendment will be optimized. Therefore, the structure of the lens-barrel of the 
catadioptric optical system CS is simplified. A lens 403 thru/or 410, and a mirror 411 
can be attached in the compact unit of the structure of a conventional type as known for 
the refraction projection exposure lens. A heatproof [ which consisted of for example, a 
fiber compound, glass ceramics, or bimetal compound structure ] tubular object can tie a 
long distance of even the deflection mirrors DMl and DM2. 

[0045] In this case, positive lenses 403 and 404 consist of fluorites (for example, 
diameter of about 200mm), therefore help achromatism. It is important that 
achromatism good enough is performed with a total of three sheets thru/or four lenses 
at the maximum in this fundamental design in this invention. 

[0046] The reduction percentage of this catadioptric ** is betaCS=0.931. A refraction 
lens system is constituted like the refraction lens system of a table 2. 
[0047] The 4th operation gestalt is shown in drawing 5 and a table 4. 
[0048] Also in this case, catadioptric ** CS is CaF2. An element is not included. The 
fundamental structure of this system containing the compact unit of one positive lens 
(503 504), three negative lenses (505 510), and a concave mirror 511 is the same as the 
3rd operation gestalt. Reduction percentage betaCS is 0.961 in the most desirable range. 
[0049] The dioptric lens RL of an overall design is the same as that of the 
above-mentioned example. However, an activity of a CaF2 lens element gives a new 
property, although the lens elements 544 and 545 perform achromatism by the known 
approach - two lenses 552 of the next door of an image plane IM, and 553; - 554 and 
555 CaF2 The reason to be used differs from this. 

[0050] In this case, CaF2 The reason to be used is reducing the degradation 
effectiveness by "compression." This effectiveness is dramatically strong with the 
quartz-glass lens which has high light reinforcement, and (generated for the narrow 
scan image surface of width of face) strong symmetric property on 193nm wavelength, 
and weak much with CaF2 lens (or other crystal ingredients). 

[0051] The overall die length of a body 0 to the image IM is 1455mm, and the 
crookedness from the shaft of a concave mirror 511 is 590mm. The diameter of a concave 
mirror 511 is 250mm, and the maximum lens diameter (with lenses 534 and 535) within 
the refraction lens system RL is 240mm. CaF2 When the diameters of a lens are 195mm 
(544 545), 135mm (552 553), and 85mm (554 555), the dimension of this configuration is 
dramatically good. When it is lambda= 193nm, 15pm bandwidth, reduction percentage 
0.25, and numerical aperture 0.7, it is 2 26x9mm. Image formation of the rectangular 
image surface is carried out in resolution higher than 0.20 micrometers. 
[0052] The 5th operation gestalt is shown in drawing 6 and a table 5. For this operation 
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gestalt 7 only the last two lenses Cl and C2 (656 655; 654 657) in order to reduce 
long-term degradation by quartz glass being compressed under 193nm radiation are 
CaF2. It is CaF2 although constituted. In order to be achromatism, it differs from the 
operation gestalt 4 in that it is not used. 

[0053] catadioptric ** CS the distance B to a concave mirror -- receiving * f - it 
consists of field lenses 601 and 602 which have f the focal distance f which has the 
relation of /B=1.004\ 

[0054] The deflection mirror DM 1 deflects an optical axis. The normal of a deflection 
mirror inclines only 50 degrees to an optical axis. The beam path clearance from field 
lenses 601 and 602 with usual [ better than 45 degrees ] is given by this. 
[0055] Positive lenses 603 and 604 are combined with three negative lenses 605 610 and 
a concave mirror 611, and a compact unit is formed. Distance DM 1603 is 432mm, and 
it is the distance DM 1-611 to a concave mirror. It is 72 597mm%. 

[0056] There are reduction percentage betaCS=0.9608 of catadioptric optical system 
within desirable limits near 1. In this range, while the achromatism effectiveness of a 
concave mirror is most often demonstrated, other image formation effectiveness (for 
example, bow of the image surface) is maintained low. The forward effectiveness over 
Petzval's sum is dramatically good. 

[0057] However, the concept (Singh quoted above) of abnormality aberration 
amendment is not used. In the medium image plane IMI, the value 0.1724 of a coma 
and the value 0.0833 of distortion have far exceeded good correction value, and the 
coma (-0.00098) of the last image plane IM and distortion ( 0.000115) are amended very 
well like other typical errors to it. 

[0058] Field-diaphragm FS in the medium image plane IMI intercepts advantageously 
the stray light which has an adverse effect. 

[0059] According to this invention, catadioptric ** was designed as a small configuration 
using very few elements, and the function has focused on implementation of the 
effectiveness over the achromatism of a concave mirror 611, and Petzval's sum. 
[0060] Detailed amendment is performed in the range of the refraction lens system RL. 
This refraction lens system consists of a field lens group floor line (a front face 612 
thru/or 621) and a focusing lens group FG (a front face 634 thru/or 655). The correcting 
lens element containing two pairs of negative meniscus lenses 622 625 which counter, 
and 630-633 is inserted among the above-mentioned lens groups. These lens elements 
form two beam waists Wl and W2. Therefore, the +-+-+5 lens group design known for 
the advanced refraction projection exposure lens is established. 

[0061] The focusing lens group FG is equipped with the system aperture AP and two •+ 
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refractive -power lens groups PGl and PG2 which have the above-mentioned advantage. 
[0062] Achromatism CaF2 Two lenses CI and C2 (652 655) located next to an image 
plane IM like the operation gestalt 4 although a lens is not prepared are CaF2 at the 
above-mentioned reason for avoiding compression. It is constituted. 

[0063] When die-length 0-IM is 1400mm and the horizontal crookedness to a concave 
mirror 611 is 590mm, the diameter of a concave mirror 611 (and nearby lenses 609 and 
610) is restricted to 252mm, and the diameter of the greatest lenses 636 and 637 of the 
refraction lens system RL is 240mm to it, and it is CaF2. The diameters of a lens are 
130mm (CI) and only 85mm (C2). 

[0064] Therefore, the requirements for production of avoiding an extreme diameter are 
fully satisfied. 

[0065] Drawing 7 shows the residual image formation error which restricts the 
lambda=193.30nm**0.015nm vertical spherical aberration and its color fluctuation in 
the case of this operation gestalt 5, i.e., the above engine performance of this system. 
[0066] lambda= 193. 3nm [ which has the bandwidth of 15pm(s) ] when an excimer laser 
with narrow width of face is used moderately, it will be understood that the image 
formation of the image surface with a rectangle of 26x9mm can be carried out in 
resolution better than 0.2 micrometers. 

[0067] The 6th operation gestalt is shown in drawing 8 and a table 6. In this case, 
polarizing prism DP which deflects an optical path to the direction of a concave mirror 
711 is inserted. 

[0068] Since diffusion becomes weak rather than the time of the stray light inside prism 
DP being in air (or nitrogen or helium), only a certain amount can increase visual field 
size, without introducing the vignetting of the beam of light by the prism edge. The 
correction on this design becomes more important, as numerical aperture becomes high. 
The vignetting of a beam of light restricts which [ big ] visual field size with can be dealt 
with with a fold-up element, and, in the case of the required given image surface, all 
lens diameters are dramatically desirable [ a vignetting ] at various reasons in 
comparatively small buildup including becoming small depending on the case of visual 
field size. It has become clear that it is not appropriate for 2nd Flatt Miller DM 2 to try 
this. Drawing 8 shows a deflection mirror field and gives the instantiation lens data 
about a perfect system to a table 6. It can also help for this prism configuration to 
extend the free working distance, or to use other **** (for example, 45 degrees). 
[0069] The design data is given to a table 7 and the operation gestalt 7 shows the 
possible escape of an image with quite bigger horizontal numerical aperture than the 
value 0.7 of other examples. This kind of lens does not receive a limit for value NA=0.8, 
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either. The special drawing for explanation is not needed by the overall configuration 
like the configuration given with other operation gestalten therefore. 
[0070] The operation gestalt 8 which has lens data of a table 8 is the purity CaF2 for 
157nm wavelength as an example which shows that the design of this invention can be 
used with VUV wavelength. A design is given. The overall configuration is dramatically 
similar to dra wing 6 . 

[0071] The combination of the description charged except the above having explained 
clearly is also within the limits of this invention. 

[0072] It is thoroughly proved by the operation gestalten 1 and 8 that a Schupman 
achromatic lens can be used for the achromatism only using one lens ingredient. 
Therefore, this operation gestalt 8 shows 1st 157nm design of the Schupman achromatic 
lens suitable for VUV lithography. This design is further optimized by inserting the 
a spheric surface and as a result reducing the numbers and thickness of a lens. 
[0073] In order to avoid compression, the new mode which uses the 2nd ingredient for a 
lens is given by the operation gestalt 4 thru/or 7. 

[0074] When simplifying achromatism by using the 2nd ingredient, it is enough, if the 
element of a decimal is in the emergency which consisted of this ingredient as shown in 
the operation gestalten 3, 4, 6, and 7. 

[0075] Preferably, the lens between a deflection element and a concave mirror is 
arranged as a compact unit with a deflection element and a concave mirror like the 
operation gestalt 3 thru/or 8. all lenses - the distance from a concave mirror - the 
distance from a deflection element - large - carrying out - the minimum distance of 
these lenses - the -■ maximum thickness - with, the bottom - it is (both the minimum 
distance and the maximum thickness are measured on a diameter) ■- or the die length of 
a compact unit does not exceed the diameter, but exceeds only at least 50% or less. The 
advanced design of the shown refraction lens system enables good amendment with the 
image side numerical aperture from which the range of 0.65 thru/or 0.85 was increased. 
[0076] Although the example of an exposure scanning mode was given, this invention is 
useful also to step-and-repeat one or stitching. Stitching makes a small optical 
instrument possible especially. 
[0077] 

Table 1 lambda^ 193.3nm beta= 0.25 NA=0.7No. A radius Thickness Glass 0 Infinity 
40.000201 433.823 20.000 SIO2202 Infinity 76.000DMsl Infinity 286.798 The include 
angle of 50.5 degrees 203 371.257 25.000 SIO2204 855.824 216.212205 * 242.813 15.000 
SIO2206 -957.702 29.987207 -191.563 15.000 SIO2208 - 420.744 12.000209 267.741 A 
reflector (203) 281.798DMs2 Infinity 141.534 include-angle 39.5 degree210 341.605 
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45.000 SI02211 - 302.390 0.266212-314.725 15.000 SI02213 - 535.921 21.847214 - 
293.712 15.000SIOs22 15 242.074 2.808216 253.649 50.000 SI02217 - 418.7161.000218 
387.621 32.000 SI02219 Infinity 23.536220 338.439 20.000SIOs 2221180.073 56.252222 
- 200.452 17.000 SIO 2223-406.872 1.000224 830.48535.000 SIO2225-406.246 
137.396226 564.466 32.000 SI02227 - 1292.800 1.000228 288.764 22.000 SIO 
2229169.297 57.016230 - 189.642 28.572 SI02231 - 398.135 81.777232 - 476.268 32.000 
SI02233 - 238.618 1.000234 505.684 17.000 SI02235 259.770 13.056236 455.638 38.000 
SI02237-469.418 1.000238 236.178 15.000 SI02239=AP 145.030 2.543240 149.636 
45.000SIOs2241 1347. 200 1.000242138.086 29.000 SI02243 273.919 16.837244 
-2450.800 36.643 SI02245 114.868 12.598246 183.269 33.000 SI02247 - 427.093 
0.100248 119.177 56.567 SI02249 352.582 0.100250 176.817 42.544 SIO 2251-263.402 
15.000IM Infinity 0.000 [0078] 

Table 2 lambda= 193.3nm beta= 0.25 NA=0.7No. A radius Thickness Glass 0 Infinity 
40.000301 501.959 20.000 SIO2302 6701. 736 83.000DMsl Infinity The include angle of 
53.00 degrees 303 - 477.089 SIO2304 - 5445.982305 282.396 SIO2306 1204.642307 

216.126 SIO2308 519.194309 298.619 Reflector (303) 

DM2 Infinity The include angle of 37.00 degrees 310 - 277.399 SI02311 876.072312 

384.127 SI02313 - 245.187314 - 297.630 SI02315 778.473316 -422.020 SI02317 
945.111318-336.194SI02319 - 169.717320 208.247 SI02321 414.789322 -639.842 SIO 
2323420.685324-508.419 SI02325 1843.176326 - 315.017 SI02327 - 182.247328197.495 
SIO 2329764.726330 572.623 SI02331 246.349332 - 592.087 SI02333 - 240.082334 - 
314.738 SI02335 745.437336 - 219.102 SI02337 - 178.632338 - 269.565 SI02339=AP 
-8665.509340 - 165.739 SIO 2341 378.291342 - 5121.046 CAF2343 457.764344 511.311 
SIO 2345-143.061346 - 134.125 SI02347 -125.446348 - 158.475 CAF2349 
451.948350-122.592 SI02351 -830.354352 -374.272 SI02353 500.000IM infinity [0079] 
Table 3 lambda= 193.3nm beta=-0.25 NA=0.7No. A radius Thickness Glass 0 Infinity 
40.000401 441.354 20.000 SIO2402 - 3082.575 82.000DMsl Infinity 404.580 The 
include angle of 51 degrees 403379.755 40.000 CAF2404 - 503.571 10.819405 - 538.291 
15.000 SIO2406 - 11216.000 23.000407 -289.982 15.000SIOs2408 1481. 
37335.434409-212.610 15.000 SIO2410 - 422.622 10.747411 281.484 10.747 reflectors 
(403) 391.580DMs2 Infinity 95.000 The include angle of 39 degrees 412304.777 35.000 
SI02413 - 414.139 36.096414-217.633 15.000 SI02415 291.419 15.871416 
372.43148.000 SIO 2417-351.209 1.000418 478.050 34.000 SIO 2419840.313 
52.353420336.231 20.000 SI02421 175.364 55.562422 - 230.487 17.000 SI02423 - 
430.797 1.000424 648.294 40.000 SI02425 - 404.757 99.810426 527.06630.000SIO2427 - 
13296.0001.000428 288.592 22.000SIO2429 167.355 54.577430 -201.179 20.000 SIO 
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2431-801.011 103.872432 -585.801 36.000 SI02433 -252.132 1.000434 457.102 17.000 
ST02435 260.610 9.580436 343.579 43.000 SI02437 -739.447 1.000438 226.319 
18.500SIOs2439 173.228 16.103440272.220 34.000SIO2441=AP -7972.902 1.000442 
165.06734.000SIO2443 374.04012.889444 2219.918 22.000 CAF2445 -490.695 0.100446 
- 715.705 12.000 SIO 2447134.285 0.100448 123.90736.879SIOs2449 111.965 9.498450 
147.332 35.000 CAF2451 - 967.651 0.100452 115.241 69.555SI02453 921.256 0.100454 
294.383 28.447 SI02455 -500.000 15.000IM infinity [0080] 

Table 4 lambda= 193.3nm beta=0.25 NA=0.7No. A radius Thickness Glass 0 Infinity 
35.000501 407.048 16.000 SIO2502 - 85814.000 82.000DMsl Infinity 431.676 
Includeangle 50 degree503 524.134 35.000 SIO2504 - 657.304 8.785505 - 587.479 
15.000 SIO2506 1940. 811 25.643507 -324.153 15.000SIOs2508 - 23676.000 37.709509 - 
201.728 15.000 SIO2510 -422.094 12.854511 282.375 A reflector (503) 422.676DMs2 
Infinity 110.772 The include angle of 40 degrees 512373.692 35.000 SI02513 -410.297 
50.772514 - 222.817 15.000 SI02515 317.101 6.370516 349.335 48.000 SIO 
2517-362.479 1.000518 729.698 34.000 SI02519 -931.01957.653520 371.363 
20.000SIO2521 210.389 53.764522-248.647 17.000 SI02523 - 428.501 1.000524937.198 
40.000 SI02525 - 388.007 113.824526 567.461 30.000SIOs2527 - 4351.070 1.000528 
282.352 22.000 SI02529 185.586 56.362530 -234.431 20.000 SI02531 - 557.904 
132.665532 - 408.165 35.442SI02533-266.966 1.000534 404.076 17.000 SI02535 
238.987 14.763536379.049 43.000 SI02537 -737.556 1.000538 245.637 18.500 SI02539 
178.878 12.206540 245.508 34.000 SI02541 2061. 364 10.000AP Infinity 0.000542 

168.071 34.000 SI02543 473.781 9.798544 1851. 461 22.000 CAF2545 - 494.253 
0.100546 -719.297 12.000 SI02547 132.8140.100548 127.155 34.780 SIO 2549118.260 
11.187550 169.575 35.000SIOs2551 - 844.545 0.100552 111.623 74.968 CAF2553 
1756.260 0.100554239.829 26.117 CAF2555 -500.000 15.000IM Infinity 0.000 [0081] 
Table 5 lambda= 193.3nm beta= 0.25 NA=0.7No. A radius Thickness Glass 0 Infinity 
35.000601 443.397 16.000 SIO2602 - 3263.101 82.000DMsl Infinity 431.967 The 
include angle of 50 degrees 603510.641 35.000 SIO2604 - 953.685 12.327605 - 534.546 
15.000 SIO2606 1546. 359 27.623607 -295.422 15.000SIOs2608 - 1911.545 32.819609 - 

212.072 15.000 SIO2610 -404.269 12.229611 279.883 A reflector (603) 422.967DMs2 
Infinity 109.448 The include angle of 40 degrees 612338.847 28.000 SI02613 -769.850 
31.900614 1373. 814 18.000 SI02615 -915.108 37.909616 239.573 15.000 SI02617 
279.202 6.538618 301.416 46.477 SI02619 - 437.969 1.000620 722.212 30.074 SIO 
2621-1063.807 23.211622 381.419 19.000 SI02623 193.859 52.872624-235.061 17.000 
SI02625 - 412.453 1.000626 990.052 40.000 SI02627 337.53095.112628 529.636 30.000 
SI02629 - 0.2081.000630 264.737 20.000 SIO 2631173.477 55.898632-213.164 19.000 



[JP,2000-047114,A] 
Page 16 of 19 



SI02633 - 478.343 127.971634-384.253 29.998 SIO 2635 241.972 1.000636 381.178 
17.000 SI02637 218.85811.314638 296.282 43.000 SIO 2639 966.118 1.000640 230.570 
18.500 SI02641 172.880 14.657642 271.493 30.000 SI02643 - 49526.000 4.000AP 
Infinity 0.000644 156.048 36.000 SI02645 474.86012.986646 - 4892.676 20.000 
SI02647 - 452.665 0.100648 - 711.904 34.541 SI02649 122.051 9.933650 171.475 
33.02lSIOs2651 - 967.3180.100652 112.494 72.297CAF2653 3642.643 0.100654 250.427 
26.033 CAF 2655-500.000 15.000IM Infinity 0.000 [0082] 

Table 6 lambda= 193.3nm beta=-0.25 NA=0.7No. A radius Thickness Glass 0 Infinity 
35.000701 396.818 16.000 SIO2702 -411120.000 1.000DP Infinity 85.500 SI02DP 
Infinity 435.933 The include angle of 50 degrees 703 559.897 35.000 SIO2704 - 763.942 
2.707705 - 627.112 15.000 SIO 27062056.900 24.065707 - 323.749 15.000 SIO 
2708-4114.500 41.268709 - 197.452 15.000 SIO2710 - 416.693 13.024711 278.696 
reflectors (703) 420.933DMs2 Infinity 84.857 Include angle 40 degree712 391.689 
35.000 SI02713 - 391.139 54.674714 -217.120 15.000 SIO 2715328.292 6.584716 
363.974 48.000 SI02717 -352.09211.973718 753.003 34.000 SI02719 -915.634 
62.045720 369.054 20.000 SIO 2721218.165 56.274722-247.87217.000SIO2723 - 
420.231 1.000724 970.166 40.000 SI02725 - 383.655 110.429726 556.298 30.000 
SI02727 - 5145.200 1.000728 275.093 22.000SIO2729 186.724 57.861730 - 249.939 
24.499 SI02731 - 573.695 138.278732-424.514 35.114 SI02733 -274.834 1.000734 
391.263 17.000 SI02735 226.128 16.728736 383.272 43.000 SI02737 - 863.203 1.000738 
239.284 18.500 SI02739 178.197 11.299740 237.727 34.000 SI02741 1618. 000 
10.000AP Infinity 0.000742 165.688 34.000 SI02743 445.266 9.217744 1247. 900 22.000 
CAF 2745-503.423 0.000746 - 771.731 12.000 SI02747 131.678 0.100748 124.87229.133 
SI02749115.885 13.283750 179.986 35.000 SI02751 - 802.711 0.100752 110.497 
77.422CAF2753 2393.500 0.100754 234.953 25.804 CAF2755 -500.000 15.000IM 
Infinity 0.000 [0083] 

Table 7 lambda= 193nm beta= 0.25 NA=0.8No. A radius Thickness Glass 0 Infinity 
35.000801 355.625 15.000 SIO2802 Infinity 84.000DMsl Infinity 393.919 The include 
angle of 50 degrees 803 621.321 30.000 SIO2804 17349. 000 15.577805 - 522.771 15.000 
SIO2806 7450.061 28.795807 -279.969 15.000 SIO2808 - 692.552 26.633809 -231.205 
15.000 SIO2810 -419.760 13.994811 283.256 reflector (803) 384.919DM2 Infinity 
103.131 The include angle of 40 degrees 812 363.520 35.000 SI02813 - 312.546 
19.745814 - 203.460 15.000 SI02815 417.901 4.913816 637.371 44.999 SIO 
2817-299.660 1.000818 670.513 36.000 SI02819 - 607.949 99.443820 409.543 20.000 
SI02821 184.175 56.726822 - 190.739 18.000 SI02823 - 300.6661.0008242541.548 
35.000 SIO 2825-423.211 82.343826529.976 40.000 SIO 2827-575.433 1.000828 338.904 
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22.000SIO2829 161.992 77.036830 - 180.232 20.000 SIO 2831 286.886 60.230832 1358. 
390 50.000 SI02833 ■ 310.335 1.000834 299.546 17.000 SI02835 185.330 22.475836 
318.393 15.000 SI02837 240.343 11.470838 351.936 35.000 SI02839 1892.9721.000840 
241.744 18.500SIO2841201. 1676.992842233.761 35.000 SIO 28431187.547 0.000AP 
infinity 6.993844 173.633 65.000CAF(s)2845 - 647.630 0.100846 - 1026.314 15.000 
SI02847 134.041 12.672848 177.508 43.000 SI02849 - 552.796 0.100850 111.087 82.051 
CAF2851 366.445 0.100852 201.5569.977 CAF2853 Infinity 15.000IM infinity [0084] 
Table 81ambda=157.000nm**2 pm NA=0.7 beta=-0.25No. A radius Thickness Glass 0 
Infinity 35.000901 509.596 16.000 CAF2902 - 1709.182 82.000DMsl Infinity 430.770 
The include angle of 50 degrees 903 559.504 35.000CAF(s)2904 - 1229.460 18.117905 - 
727.847 15.000CAF(s)2906 1261. 260 27.332907 -297.498 15.000CAF(s)2908 - 1565.150 
32.707909 - 205.835 15.000 CAF2910 -396.253 12.181911 279.103 reflectors phi252mm 
(903) 420.578DM2 Infinity 73.026 Include angle 40 degreelMI Infinity 34.034912 
341.070 28.000 CAF2913 - 1505.473 32.408914 969.048 18.000CAF2915 
-805.76437.523916 - 248.947 15.000 CAF2917 286.272 5.893918 307.931 45.973 
CAF2919 - 386.903 1.000920 1003.377 28.290 CAF 2921-945.83920.042922397.781 
19.000 CAF2923 197.943 53.200924 -231.06017.000CAF2925 -406.748 1.000926 
878.953 40.000 CAF2927 - 351.000 100.639928 481.08030.000 CAF2929 11551. 730 
1.000930 282.768 20.000CAF(s)2931 179.880 51.341932 -217.737 19.000 CAF2933 - 
511.417 127.776934-377.857 29.786 phi240mmCAF2935 -241.099 1.000936 377.020 
17.000 CAF2937 218.220 11.262938 299.02043.000CAF(s)2939 - 943.927 1.000940 
228.020 18.500CAF2941 168.921 13.866942 263.149 30.000CAF2943 - 27570.214 
0.752AP Infinity 8.754944 157.192 36.000 CAF2945 476.977 13.281946-5291.918 20.000 
CAF2947 - 428.700 0.100948 - 634.165 34.624 CAF 2949123.520 10.454950 180.781 
33.303 CAF 2951-732.821 0.100952 115.913 72. 125CAF2953 3615. 409 0.100954 
308.142 25.802 CAF2955 -500.00015.000IM Infinity ****** CaF2 lambda= 157.002 
157.000 156.998n=1.560047 1.560052 1.560057 



DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing l] It is drawing showing the configuration of the aligner which can apply the 
catadioptric optical system by this invention. 

[Drawing 2] It is the sectional view of the lens configuration of the 1st operation gestalt. 



[JP,2000-047114,A] 
Page 18 of 19 



[Drawing 3l It is the sectional view of the lens configuration of the 2nd operation gestalt. 
[Drawing 4-1 It is the sectional view of the lens configuration of the 3rd operation gestalt. 
[Drawing 51 It is the sectional view of the lens configuration of the 4th operation gestalt, 
[Drawing 6l It is the sectional view of the lens configuration of the 5th operation gestalt. 
[Drawing 7j It is drawing showing the image formation error of the 5th operation 
gestalt. 

[Drawing 81 They are some outline sectional views of the lens configuration of the 6th 
operation gestalt. 
[Description of Notations] 
OBody 

1 Excimer Laser 

2 Lighting System 

3 Mask 

4 Catadioptric Optical-System Projection Exposure Lens 

5 Wafer 

6 Control Unit 
11 Configuration 

31 Mask Maintenance Handling System 
51 Unit 

109 209 Concave mirror 
139 140 Lens front face 
201 202 1st lens front face 
203 204 Positive lens 

205, 206, 207, 208, 220, 221, 222, 223, 228, 229, 230, 231 Negative meniscus lens 

210-219, 224-227, 232-251 Lens front face 

225 226 Lens front face 

245 246 Thick negative lens 

332 331 The greatest lens 

332-339 -+ refractive -power doublet 

342, 343, 344, 345, 346, 347 Unit 

403 404 Positive lens 

405-410 Negative lens 

411 Concave Mirror 

502 504 Positive lens 

505-510 Negative lens 

511 Concave Mirror 
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544 545 Lens element 

552, 553, 554, 555 Lens 

601 602 Field lens 

603 604 Positive lens 

605-610 Negative lens 

611 Concave Mirror 

612-621, 634-655 Front face 

622-625, 630-633 Negative meniscus lens 

636 637 The greatest lens 

654, 655, 656, 657 Lens 

711 Concave Mirror 

CS Catadioptric optical system 

DM1, DM2 Deflection mirror 

DPI, DP2 Deflection mirror 

FG Focusing lens group 

floor line Field lens group 

FLG Field lens group 

FOG ****** focusing lens group 

FS Field diaphragm 

IM Image plane 

IMI Medium image 

RL Dioptric lens 

Wl, W2 Waist 
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iE©S^*©*5©U>XPt&*^-SCli:*4#IS^T 

U>X«*«t^JB#fU>X^Sr«AS^oi?i^i/3> 
»f A U >X*5 J; lE®^ U >X£^tH>£ < £ *> 1 ^ 

[»*^6] WM^^t/'h'Jy^*, +Pfl« 
U>X3&fc<fctfJBSr l/>X^IA5^Dyi^y3 > 
•3tl/>XT*oT, g9fBJB»rU>X^**U>Xf^ * 

5Xnvx^v3>*3KU>X. 

U >X&*3«krXJS3r U >X*£r«*.*Xn ^ v 3 > 
0 . 9 5 J: 0 *>*:#ir>a* l £fc«fc*»**£;rr * - 



ii^mT'Dyx^ys >«3tU>X, 

u>x*i3cfc^ja»f u>x^s«asxp>?x^ V3 > 
(t *> 2 ^©ts^^wfistoa^^Wfat-rs xd -> + x 

^->3>^7 , fcty>Xo 

#>s • u>x&s&, +RMHH>— • u>x<oa 
®*«jR»©*rpi*i6i< ct^ii^i^ 1 fc^u 

8 < £ ^tcfHmoXn >?x ^ y 3 >^t£ V > 
X. 

z>m$tm 6 & ^ l 9 tctamoxu s?x ^ > 3 u > 

Xo 

fflbits in smb - + js*f -h? xu * h swims** 

ffll*Bl 2] «HE-+E»r;*J$'Xl^ 

>Xo 

1 &<d u >Xj&*» 1 u >x»*rapfifcsns 
n&ft@ 1 4 ] ffirie* 2<du >XT*m&2nrz u >x 

3ltCfSm<DXD >J x ^ -> 3 U >X. 

1 5 ] ifrtem 2 © u yxumx-m^nt^ u 

>X<OW&ifi2 2 Omm^^^^t^tt^i 
1 4©^«c< tfe— J®(ciB«©Xai;x^ 
v3>»5tP>Xo 

»S L < 5 TOT© U >X^tSZLh^miit^m 
1 & b 1 5 < <h *>— ^(CfBmCDXn y X ^ 

~>3>^7tU>X. 

immm. 1 7 ] KftJ0^*«. 1 9 3 n m-c*«« 1 P 

mSfcOO; 0 1 5u™^mX'&&Z.£&*&mtt&m 

V3>^U>Xo 

[R#^ 1 8 ] KfeJO^**, 15 7 nmTM 1 p 
mMOO. 0 5 /zm^T^^^t^imi* 

3 >^7feU>Xo 

[gS**l 9] ^^T^^y'h'Jy^^teW^ 
0. 8<fcDt>*€r<, $fSL<tS0. 95cfc0fc^^li 
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\z$^M(D~ft2 yi^a >myt u >x„ 
[§i^2 0] mmu>xm\z^x, mmm2<Du 
>x^mxm^ntz-r^x<DU>x^. m^ym^co 

1/>X„ 

[»l**2 2] ja^T/vA^rtC^&^&l^ 
#«»<Z>£— A • ^x* hOSarJcKS^ns^i:^ 

Xo 

2 4 ] mttwmMvmxym&Km^z 

3>^l/>Xo 

W*^2 5] 2 4 8nm^il 9 3nm0)t« 

53W7^T*0, HWB*2©U>X#»A*7yfl2^ 
y->AT^5 fTSg|*B 1 2 4 <D4> 

[0F*®2 6] Bl©l/>XW77ftMy^A 
T££> 1 ^Ul 2 4<D4>fr< £ 

fc— WciSflto^n >>x ^ > 3 >Xo 

[it** 2 7] «#t*l©®|RiS*i:<OTOCltSc© 

u>x<02w&*esn* c t §«N»tT-sai*3S 1 

U>Xo 

[ti*«2 8 ] mzu>xfrZwmwmm^T~<Dmm 
immm 2 9] i^7- -*?%Mii. 

77^ • A^KUV^teefta&yX^At, 
|&3»El&tr>U2 8©4>&<<fcfc— «fcl»©:/n$?x 

3 1] TsTV'fyyY U bf— hSI***, ^ 



[*w©i¥*Bj&sa9H 

CO 0 0 1] 

«*^^HJy^*, +R3«U>X^*5J:tJf®ilT 
U>X^£«A*#*5^*:7MJ^ • ^Dyx^y 
3>y£¥ls>X\ZM?Z>* 
[0 0 0 2] 

[a*©S»liI F r i e dman©«ffi4 7 7 9 
9 6 6^(1 JI©<fc5fcW>X©l0M©0i£^LT^£> 

tlS. £©&f!F7^S c h u pma n n©fe*gbU>X© 

^©^fKoaWtt. »2©U>X»»^lsljgU. L 

fc^x, -r^T<Du>x^rs^^^-c^-r-5^<h. 

[0 0 0 3] ff]©0i|£LTS i ngh<D«^5 0 
52 7 6 3^ (gfcW#f)Fm0 4 7 5 0 2 0#) 
£©*§■£* l»JRI«W^yXTA(CJ;oTSiJ^ tc 

«ci/>x^Eiu^^^h^L^ 0 s i ©^fa 

I^n§ B J:ffi©T^T©^**53&*f^X • u>x©* 
^LT^S, NA(i0. 7JCj£3SSn* 2 4 8nmX 

ti< ~Dft<DW£Z> V >X#»S«ffl*rs £ £fc 
IE£IIja^£©tc+#£;fr&<fcbTU— tftte»©«£85 

[0 0 0 4] ffjOfiBJ^LT^^AyCD^SWIlF^S 6 9 
1 8 0 2^<ftS. d©«^ ill ©ilftii£[HM£|CD 

pjjicie<z)JB»t* s:*rrsm i ©^^$W£«-e& 
ftifi^T, z:<!DiE©v>XJi«i©iS|BHI©ifi<(cffia 

-f £<. ±BS©*r'<T©«J&**»©C a Fz U>X£r^b 

[0 0 0 5] ^I^JtbT^^A^O^iNi^mO 7 3 
6 7 8 9Am5. £©«^ *teOGflffi«©it&£ 
»/JvT*fc«>t:\ + -+JB«*£#-rS3tt©Ix>Xa* 

m i ©iE<ou>xtt* i ois< tc^^-r 
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[0 0 0 6] ^A^W-fy^mi 9726058A 
#«, *^^MJ 7^^©8/h$d«0. 7 5</ 

nr^s* 

[0 0 0 7] 7>f^D'jy^77>f - Xn^x£~>a > 

tcj£tf5U>XIB^a^fc<»&nTtr>S. fctAft G 
latzeK E. . Ze i s sf n n f o rma t 
ion 2 6 (1 9 8 1) , 19 2^ 8^— 
13^-yj ^#fiSSnfct^. d(D c i;^£i:+- + --f U 
>X»MA5^Pyx^y3>' W>XcE«jS£>0i| 
tt, V!yif7*3j:tXXX^<OBfc>t|i^«=»0 7 7 0 8 9 

[0 0 0 8] L**U C©^©iftffl5^X<2iE&cD;^ 

[0009] znt><Djcw<D?$gtt\miz < £-iT*wffl 

[0 0 10] 

& U— tf #«S. WHfCft3&a:«ritS: FTtefcrr Sir L It > 

3*7?* 9 , VUV (15 7nm) WO 1 WfMMfi U>X 
tf)^££:-^x.S e 
[0 0 11] 

*PSJ«U>X^i3«fcafJS»r^>X^*«A* mi 
©*f»TJ^J«Sn& U >X<hfl 2 ©#»"t?Jgj££;h.fc W 
>X<h^t?yP> r 3i^>'3>^3tl/>X-r^oT> 4 

mxr. »*u<tt3ttj^T©u>x*<ii9g»2©«» 

[0 0 12] ffii^8^UL2 8©lo£fctt*»[ 

[0 0 13] |g*B2 9©*Ffij3a:^D^i^y3>«>fe 
»*f 1^L2 8<D55©4>&<<tfelOl;i 
iS^Dyi^ya >flS3fcl'>X&f^<D£@(C&2»& 

0) fct, 5fefT"rsW**2 9trJ:S7 p P> F ^^v3>^ 



[0 0 15] *3201tt, WTi^^^M^P^J;^ 
tt, ^T(^xSl¥mi^^^§g^^(c^s^o 

[0 0 16] 

tSX^yV - U— if*® 1 IW^fA 2 

[0 0 17] 7X^311 7^filftA>j«iJ>^. ~> 
^tA3 1 iC^oTi^Wt^^n^. -^x^^ 

[0 0 18] Zi<DU>X4te. VA^3©*/hA^r— 
[0 0 19] T^T<B3IWfHfltl3.— y h 6\ZJz-DXffim 

$nso h^n^^-rs^^ 

7>f^aijy^77/ * Xa^aii7->3>^^^ 

[0 0 2 0] rfv bxmo. 2umU 

T<DMMmO)ttX~<Dffim<DmffiZ~D^Xte, ^IWC 
Mffl"STIBtt#«!B (/iii^H 1 9 3 nmT 1 5 pm) 
^r^TS 19 3 nm0I^y7 - I/— tfi&^TlWU 
^$$69iC(i2 4 8 nmffc«l 5 7 nm0X+y-? • U 
— tfftST&IWeU 0. 65^10. 8J£U:©S&# 
flUWDftTiWPU 7X20^tlOX3 

W^TI^TSCttfrr^S, 8*&7 , D^>'3> 

»*u>X3&«*snrifiS. 
[0021] ±iaTgifflbfca*©*^^^hUy 

[0 0 2 2] Lt^U *^WtC«tntf, tK^Cfg 

So 

[0023] mAomffimiz^'TMte. m i 
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l-DCOU>X»»b36M»fflLT^3Q:^©T, £©lSfh 
2 4 8 nm^l 5 7 nmfc£M<DWL&lZ&B>lzm& 

[0 0 2 4] «IM I \Z&&\Z7$ J t7,*tZ>^t-& 

ffiT&S, ^n^0APtiU>X^®2 3 9il^>X^ 
®2 4 0©rMlU> §SD«r3APlcfe«FSt7^-b: 

[0 0 2 5] ^r>ft^hU y^CSrt©«6l«D 
Mli3«fcOT)M2li. EI®«2 0 9^^5508 tEIffi 
i2 0 9^^M^^IK, U>X2 0 
1, 2 0 2^e©^U7^>X*TO«llfr{cJ:oT> 
IMTO^i^ntU^o fcW*«6tflK;&*9 0K«fc 

^l©l/>X^i20K 2 0 2 lZM-?Z>ftMm<Dfc^ 
[0 0 2 6] 2*<Ofi|«lilDMl. DM2©M1 it 

[0 0 2 7] 1 /^X • tf— AfB*Sl*J©Jg^ffi 0 ©i£< 
fCj^&IECDly>X2 0 1. 2 0 2dlBI$n^ 0 CCD 
U>X©J8ij£U®ttfck ^©QDffl^2 0 9** 5 & 
C©fcJ6. D3®^2 0 9(M7L¥®P l itC^:M 

[0 0 2 8] — a/tX«*W©> ffilptftDM 1, DM2 

£[HMM2 0 9 £KDmizm2<DjE<DU>X&mW~£tl 

^n^c a f 2 TM$n^i/>Xitmo, is@2 

0 0mm^ViL3 0 OmmCOIHlMMcDf^^TE^ 

EH1®^2 0 9<D^m&Wh'irZ>fzit)lZZL<DlE<D\/>X2 
0 3,2 0 Z(D1E<DU>X 
ti, 2 0 9 ST<Z)ffi»Q*SB 1 ©^MiDM 1 £7? 

[0 0 2 9] 2&CDH©^—X;*JX • U>X2 0 5, 2 
06 ; 2 0 7, 2 0 8 fE3D<0*ftTf OflffiM 2 0 9 £ 

IHM*1 0 9©«IEI««£«>5. 
[0 0 3 0] lI^CittT, ^f^f^h'J^^ 



» c s cd 2 fi/^x«*rt © v >x©*# 3 tcfMi® $ n 

sasftSrisaisirrtwvx^A * x^;i/^-e»*3«t 
r/«tesKfiTtcHUT2S(c*x.e»ns*^T*5, 

[0 0 3 1] &*^t^h'J^^*CSH 
*0 = O. 2 5©— W/3cs=l. 0 0 
[0O3 2]»SL<H *ra#¥ffiIMI(C«K«0 

[0033] +m« i m i ©«*tctt«-r z>mffiu>x 

RLH fi^fi^«tOfe»J53Q:^©U>XTfcS. £ 

^ D y x ^ y 3 >I)fe 1/ >X t ^liCn^I^^o 
[0 0 3 4] y-y>XW: + - + -+l/>XS*^ 

©20©^U- (U>X*®2 1 0^12 19.22 

4^1227) tt^nsa<asna:o^ 2^© 
^xxhwi, w2Ji-en-€ r n, dbm^^j^^<— *t 

©ft^-^X*l/>X2 2 0, 2 2 1; 2 2 2, 2 
2 3i5cfcrJC2 2 8, 2 2 9; 2 30. 2 3 1 ICjzoT^ 

[0 0 3 5] fcfc7LJi«««©IBP***«IP$-&-5fca6 
tc, £D*<©U>X£*a*&tT££«c«fc9* <^xXh 

wk W2i:^5^ne.0i/>xif^ tt©u>x»t 

[0 0 3 6] ffc©t&&j&>5#75_£>£, JB*tU>XRL 

^©Wl/>XfFLG (U>XmM2 1 0fcV*L2 
1 9) iMl36:*#^:MD*Sr^-r5«fflfljE«*U 
>XfFOG (l/>Xi®2 3 2^L2 5 1) «r 

u>x (wi. W2) £^tr> mmmm&ffijEtztpm 

[0 0 3 7] 3 5&HL2 3 8 2 3 9fcV> 

L2 4 2*=rr-5-+JS«r*^U^htt> BfWtm 

^^^tc^iEb^^^jErux^^ hjvmms&ft* 

LTlriS. C©i§£\ 1 5 pml/-f#«BT'fi0. 3 

[0 0 3 8112©^©^ **«0. 0 15nmCD 
X^v-V - U— -tf3fc«£ffiV>T, 6mm^n/c3 
0X7 mm 2 <D&%W<D&m±lZ 0 . 2 jt* m^^©^# 

[0 0 3 9] H^ct^ 2 tt^tf«^S8Sr^-r. * 
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T&Sa*, tB/Jv*Ji/3o=0. 944TU 

[0 0 4 0] ;i<E>/S#rU>X~m> ia2<Pg2tPU>X 

212, 21 atiaaf^nTt^sA*. m^&<ou>X2 

45, 2 4 6tt3r)Oa-7H3 4 2, 34 3; 34 

4, 34 5:346, 3 4 7 

[0 0 4 1] ZL(Dm&. 2%t<DU>X. 
342, 3 4 3*5^:^3 4 8> 3 4 9^tt^$feC 
aFzTi^n^ m±<DU>X33 2, 3 3 1 ©it 
«»2 5 OmmtJt^T, £©2ft©l'>X(0it&ft 2 
0 5mmM^l 6 5mmte0. 8 1 fS*3cktX0. 6 

[0042] ^ne^i^xw*^ m5(DU> 

5. fc«fc*.fc& - + y^ 7 h3 3 2^^ 
U3 3 9£##>, M2©«flD#atC36^0WKbTC> 

[0 0 4 3] il 4 *3<fcitf% 3 fcfcEfggjfcJ: Z>f}*T<{* 

[0 0 4 4] ^f^^h'J7^^C 

<du>x&. no®i4 i ®^>xpfcm* 

^^niO^o ^<DU>XMte. 1E<DU>X4 0 3, 
4 0 4<h3&<DH<Di/>X4 0 5^14 1 Ot^S 
tT. ^<D£?teM<DU>X&2%CfriE>3mz : g:WrZ> 

5fc^C S<0«S«©«ifi*«lSllfrfl:$tl«. I/>X4 0 3 
&V>L4 1 0*5«fcr»|4 1 m> l^nyx^y 3 > 

— «/ Mc®Df*ttS£i:j&*T?#5. fgfaltDMl, DM 

[0 0 4 5] IE<OU>X4 0 3. 4 0 4iS^ 

^MTMSIl m^F2 0 Omm) , b 

[0 0 4 6] CKOA^-r^MJy^SflOlS/J^tt/S 

cs=o. 931m mmu>xmt. ^2<ommu 
>x% t ^scM^ns. 

[0 0 4 7] ^4<7)^^$rg5. : fe^^4(C^-r o 
[0 0 4 8] Mr^^hU7^^CS 
liCaF»S*^t«:K 1&CDIE<Z>U>X (5 0 
3, 5 0 4) , 3&(D^©t/>X (5 0 5 — 5 10) , 

ifia«3<o*j6^i8ii^i;-e&s. «/MS0 a tt«*># 



SLlMBHTteO. 9 6 IT?**. 

[0 0 4 9] JSgfU'V.XRLfe, ^#W^ff-timrMi<0 
^Jil^CT^^o Lt^U CaF 2 l/>Xl*OTt 
Si:*r«©»tt^A'&n<5. I/>X5*5 4 4, 5 4 

fe<DU>X5 5 2, 5 5 3;5 54, 5 5 5CCaF 2 

[0 0 5 0] £GD*§^, CaF^W^Iilt 

1 9 3nm^T^^^*5ct{/ (*g<D»lr>j£ 

• l/>XTti#StC^< , C a F 2 U>X (SfcttiE-© 

[0 0 5 1] %»0A^e«iiM*-rco^#»^$^i 

4 5 5mm^0, CM^5 1 1 £ CDJSffi;^ 5 9 

0mm-C^0> 1 lC0]t@^2 5 OmmT^ 

9, JS#rU>X^RL^G9 (U>X5 3 4, 5 3 5T 
©) m±\s>Xm.m.&2 4 OmmT^D, CaF 2 l/> 
X<Z)i£ffd*l 9 5mm (5 4 4, 5 4 5), 1 35mm 
(5 5 2, 5 5 3), 8 5mm (5 54, 5 5 5) 

zm&* z<Dm&<D^mi-mniz&&*v$>2>. a- 19 

3nm, 15pm»igWS. «>h*0. 2 5, §8D*0. 

[00 5 2] ^5 ©^SSJ^filSrHjg. *5 cfcr/^ 5 tC^T. 
dc^M^Mte, 1 9 3 nm0MOT7?SS^7XdS 

»02"3OI/>XC1, C2 (6 5 4, 655;65 
6, 6 5 7) ©^CaF^M^tX^^ CaF 2 

[0 0 5 3] ^^^XHJ^^CSti, [H®^£ 
T©®KB«C»UTf ' /B=l. OO40iMft 

s^^ositf * *^rr*«^i^>X6o i, 602^ 

[0 0 5 4] ffi&imVM 1 tt5tett*iS|6lS-e:S. MfoM 

6 0 2^€»<Obi— A • ^'J77>mx^, 
[0 0 5 5] IE<DU>X6 0 3, 6 0 4^3ft©ftOU 

>X6 0 5-6 i 033.tz/iHMK6 1 1 tto^^n- 

/J^n.- ^ h^jBKStlS. »DM 1 -6 0 3H 4 
3 2mmT*&9, DQM^^TCO^DM 1 - 6 1 1 5 
9 7mm<D7 2 %X$>Z>* 

[0 0 5 6] *^^^hU^^3t^^©«/Jv^^o 
= 0. 9 60 8H i fCjfi^ff£bir4BHW;:&£>. £ 
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Lfc.S i ngh) ttffifflSnfeti. tBWBIMIt 
tt, nTCOMO. 1 7 2 4i3it«lft©«-0. 08 3 
3tt^»35:*iE«^*:#<±lHl-3Ti5 0, ^nt:^lt 
•JttfilTffilMOn^ (-0. 0 0 0 98) 43££/Mffe 
(-0. 0 0 0 1 1 5) H »©&s»&^<hH«tc 

[0 0 5 8] I M I TOffi^SD F SttWM 

[0 0 5 9]*38il:J;nH i39T4*zthVv2lk 
[0 0 6 0] p««ft*iEttJBSfU>X^RL©«IKTfT 

tin*. ^<Dmmu>xm^ si?i/>xgFL <%m 

612^ib621) d:Ml/>XiFG (^®6 3 4 
^16 5 5) "C#lJ5)t$n5. — ^©^|6rr«ft(D^ — 
• I/>X6 2 2-6 2 5£<ktf6 30 — 633$: 

^>3 >»fcU>XT»SftTlrv5 + - + - + 5 u>x 

[0 0 6 1] MMU>XMFG^ i/n-ftAP 

Wj£©fiJj^*^$2C)C!>-+ja#f*U>X»PG 
l£ c ktfPG2££:tifi;t£> < , 

[0 0 6 2] MICa F* l/>X(ffltt5nft:l^ 

mmmm4 tmmiz, m^m i MCDBHwiM-rs 2«c<o 

U>XC1, C2 (6 5 2-6 5 5) tt, JE^^IhI^T 
Z£^owM<DWmT*C a F* T«J5£$ns. 

[0 0 6 3] ^£0- I Mifil 4 0 Ommt^O, CD® 
^6 1 1 £-r©«JBffia«5 9 OmmTfe^tt, EOi&ll 
6 1 1 Ol3«fctf3fi«©U'>X6 0 9. 6 1 0) CDiSgtt 
2 5 2 mm (Cfg^n, -WliCottLT* jSJfl/>X^RL 
Oi*CDl/>X6 3 6 4 6 3 70El(i2 4OmmT^ 
0, CaF* U>X<DMW$1 3 0mm (C 1) *5«fctf 
8 5mm (C2) IZjg^J&li. 

[0 0 6 4] LWoT, BSB&it»&@B'r5£:^'5 

[0 0 6 5] d©*Jfi^tt5©«^©A=l 9 

3. 30nm±0. 0 1 5 n mT<OK3»ffiJR^^<fcat^ 

[0 0 6 6] 1 5 pmO*«BSlTl"S A= 1 9 3. 3 
£\ 2 6X9nun<OfcS^O«ISO. 2*/mJ;9fc& 
[0 0 6 7] ^6 ©*B^»$a8 S3«fcZX* 6 JC*^. 



[0 0 6 8] ^'JXADPrt«©ai3tH (Sfcli 
£<DT, XUXA»»tC«tS3ttiB©Paft^A-&"r(C 

«^>rx*&*s^tJti»rrsci:^T#*, 

^a^-rx^oaa^td^e^^A^ftdiBL, 
^-^©^©s^ic-r^rojuvxBa^/hs < 

1120)777 b • ^ 7-DM2 tdtl^^ £ i^ii 

[0 0 6 9] ^fi&gffi 7 tt, ^©^tf-^-^^ 7 tC^ 
fe» d©a©U>XttiBIE*S^lr^ £#f$&t8i&te 

[0070] ^8©u>x-^— f&^rT&mm&ms 

^-r^J^LTl 5 7nmiSlffl©^CaF I ^4 

[0071] ±s-r§^WJcraL^JEW©. «r*sn 
[0072] i-D<Du>x^m<o^m^r^mv\zs 

c h u p m a n feift b U >X£«Jin?# S CI £ B^fcSBJB 

©*MI8IJVUVU V^^CSUfcS c hu p 
ma nfilbl/>XO» 1 © 1 5 7 nmlSfff^t. # 
«1SJ*AL, -€-<3D»^lx>X©St*«fcrXJPS*B"J«"r 

[0073] ffi»^isija"rsfca&tu>x^2©*r«. 

Srffiffl T SiFr b I ^^£^J£HI 4 & L 7 iz^K. £ ft 

[0 0 7 4] i§2<D#^£^T£Cl£tC<£oTfer8L 
€rfHlnfrft:"rs«^, *1»B»3* 4. 6, 7(^fJ:5 

KKS:*#<b, cin^©U>X©*/hK«tt-?-©g^: 
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[0 0 7 6] 

«1 



[0 0 7 7] 



A = 1 93. 


3 nm 0 


= 0. 2 5 


NA = 


= 0. 7 




No. 






JP£ 






0 


Mm 




4 0. 


0 0 0 




2 0 1 


4 3 3. 


. 8 2 3 


2 0. 


0 0 0 


S I O 2 


2 0 2 


MM 




7 6. 


0 0 0 




DM 1 


Mm 




2 8 6. 


7 9 8 


mm. 50. 5° 


2 0 3 


3 7 1. 


2 5 7 


2 5. 


0 0 0 


SI02 


2 0 4 


8 5 5. 


8 2 4 


2 16. 


2 12 




2 0 5 


- 2 4 2. 
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